













学校编码：10384                                           密级       














Food web structure in the northern Beibu Gulf elucidated 






专  业 名 称：海洋化学 
论文提交日期：2013 年 5 月 




























                        声明人（签名）： 
























（     ）1.经厦门大学保密委员会审查核定的保密学位论文，
于   年  月  日解密，解密后适用上述授权。 
（  √ ）2.不保密，适用上述授权。 
 
                          声明人（签名）：  
















摘要 ........................................................................................................................ i 
ABSTRACT ........................................................................................................ iii 
第一章 绪论 ......................................................................................................... 1 
1.1 引言 ......................................................................................................................... 1 
1.2 食物网结构的研究方法 ............................................................................................ 1 
1.3 碳、氮同位素组成 ................................................................................................... 2 
1.3.1 碳同位素组成及变化 .............................................................................................. 2 
1.3.2 生物体的碳同位素组成及其变化 .......................................................................... 3 
1.3.3 氮同位素组成及变化 .............................................................................................. 3 
1.3.4 生物体的氮同位素组成及其变化 .......................................................................... 4 
1.4 碳、氮同位素在食物网研究中的应用 .................................................................... 4 
1.4.1 13C 在食物网研究中的应用 ..................................................................................... 4 
1.4.2 15N 在食物网研究中的应用 ..................................................................................... 5 
1.4.3 存在的问题 .............................................................................................................. 5 
1.4.3.1 生物营养级确定中 δ13C 和 δ15N 的基准 .............................................................. 5 
1.4.3.2 碳、氮同位素分析中样品的前处理问题 ............................................................. 6 
1.5 本研究的内容与目标 ............................................................................................... 6 
第二章 颗粒物 13C、15N 测定中样品前处理的影响 ....................................... 8 
2.1 引言 ......................................................................................................................... 8 
2.2 方法 ....................................................................................................................... 10 
2.2.1 样品采集 ................................................................................................................ 10 
2.2.2 样品保存方法 ........................................................................................................ 10 
2.2.3 酸处理 .................................................................................................................... 11 
2.2.4 去脂处理 ................................................................................................................ 11 















2.3 结果与讨论 ............................................................................................................ 12 
2.3.1 样品保存方式对 13C、15N 测值的影响 ................................................................ 12 
2.3.2 酸处理对 13C、15N 测值的影响 ............................................................................ 17 
2.3.2.1 δ13C ........................................................................................................................ 17 
2.3.2.2 δ15N ........................................................................................................................ 23 
2.3.3 去脂处理对 13C、15N 测值的影响 ........................................................................ 26 
2.4 结论 ....................................................................................................................... 27 
第三章 北部湾北部海域悬浮颗粒有机物的碳、氮同位素组成 .................. 29 
3.1 引言 ....................................................................................................................... 29 
3.2 方法 ....................................................................................................................... 30 
3.2.1 样品采集 ................................................................................................................ 30 
3.2.2 碳、氮同位素组成的分析 .................................................................................... 31 
3.2.3 数据处理 ................................................................................................................ 32 
3.3 结果 ....................................................................................................................... 32 
3.3.1 温度和盐度 ............................................................................................................ 32 
3.3.2 颗粒有机碳、氮含量以及 C/N 比 ........................................................................ 41 
3.3.3 悬浮颗粒有机物的碳、氮同位素组成 ................................................................ 44 
3.4 讨论 ....................................................................................................................... 46 
3.4.1 春季颗粒有机物碳、氮含量及其同位素组成的分布特征 ................................ 46 
3.4.2 夏季颗粒有机物碳、氮含量及其同位素组成的分布特征 ................................ 50 
3.4.3 北部湾北部海域颗粒有机物δ13CPOC 与初级生产力的关系 .............................. 54 
3.5 结论 ....................................................................................................................... 55 
第四章 北部湾北部海域浮游生物的碳、氮同位素组成 .............................. 57 
4.1 引言 ....................................................................................................................... 57 
4.2 方法 ....................................................................................................................... 58 
4.2.1 样品采集 ................................................................................................................ 58 
4.2.2 浮游生物样品的保存及前处理方法 .................................................................... 58 
4.2.3 碳、氮同位素组成的分析 .................................................................................... 59 















4.3.1 浮游生物的碳同位素组成及其影响因素 ............................................................ 60 
4.3.1.1 春季 ...................................................................................................................... 60 
4.3.1.2 夏季 ...................................................................................................................... 68 
4.3.2 悬浮颗粒有机物与Ⅲ型网网采浮游生物碳同位素组成的对比 ........................ 75 
4.3.3 浮游生物的氮同位素组成及其影响因素 ............................................................ 76 
4.3.3.1 春季 ...................................................................................................................... 76 
4.3.3.2 夏季 ...................................................................................................................... 78 
4.4 结论 ....................................................................................................................... 80 
第五章 北部湾北部海域食物网结构的同位素指示 ...................................... 81 
5.1 引言 ....................................................................................................................... 81 
5.2 方法 ....................................................................................................................... 82 
5.2.1 样品采集 ................................................................................................................ 82 
5.2.2 样品前处理及同位素测量 .................................................................................... 82 
5.2.3 营养级的计算 ........................................................................................................ 83 
5.3 结果与讨论 ............................................................................................................ 84 
5.3.1 北部湾北部海域生物体的碳同位素组成 ............................................................ 84 
5.3.2 北部湾北部海域生物的营养位置 ........................................................................ 86 
5.3.2.1 δ15N 基准（δ15Nbase）的选择 ............................................................................... 86 
5.3.2.2 以水体 POMδ15N 值作为基准计算生物的营养位置 ......................................... 87 
5.3.2.3 以浮游动物的 δ15N 值作为基准计算生物的营养位置...................................... 91 
5.4 结论 ....................................................................................................................... 92 
第六章 结论 ....................................................................................................... 94 
参考文献 ............................................................................................................. 96 
附录：在学期间所做的主要工作 ................................................................... 106 
















Abstract in Chinese ........................................................... 错误！未定义书签。 
Abstract in English ............................................................ 错误！未定义书签。 
Chapter 1 Introduction ..................................................... 错误！未定义书签。 
1.1 Introduction .................................................................................. 错误！未定义书签。 
1.2 Analysis of marine food web ........................................................ 错误！未定义书签。 
1.3 Carbon and nitrogen isotopes ...................................................... 错误！未定义书签。 
1.3.1 Isotopic composition of carbon and its variations ................... 错误！未定义书签。 
1.3.2 Isotopic composition of carbon in biota and its variations ...... 错误！未定义书签。 
1.3.3 Isotopic composition of nitrogen and its variations ................. 错误！未定义书签。 
1.3.4 Isotopic composition of nitrogen in biota and its variations .... 错误！未定义书签。 
1.4 Application of carbon and nitrogen isotopes in food web analysis .. 错误！未定义书
签。 
1.4.1 13C ............................................................................................ 错误！未定义书签。 
1.4.2 15N ............................................................................................ 错误！未定义书签。 
1.4.3 Shortcomings of current research ............................................ 错误！未定义书签。 
1.4.3.1 δ13C and δ15N baselines in trophic position analysis .............. 错误！未定义书签。 
1.4.3.2 Sample processing for analysis of carbon and nitrogen isotopes错误！未定义书签。 
1.5 Contents and purpose of this study ............................................. 错误！未定义书签。 
Chapter 2 Effect of the sample processing on particulate 13C and 15N 
measurements .................................................................... 错误！未定义书签。 
2.1 Introduction .................................................................................. 错误！未定义书签。 
2.2 Methods ......................................................................................... 错误！未定义书签。 
2.2.1 Sample collection ..................................................................... 错误！未定义书签。 
2.2.2 Sample preservation ................................................................. 错误！未定义书签。 
2.2.3 Acid treatment .......................................................................... 错误！未定义书签。 















2.2.5 13C and 15N measurements ....................................................... 错误！未定义书签。 
2.3 Results and discussion .................................................................. 错误！未定义书签。 
2.3.1 Effect of sample preservation on 13C and 15N values .............. 错误！未定义书签。 
2.3.2 Effect of acid treatment on 13C and 15N values ........................ 错误！未定义书签。 
2.3.2.1 δ13C ........................................................................................ 错误！未定义书签。 
2.3.2.2 δ15N ........................................................................................ 错误！未定义书签。 
2.3.3 Effect of lipid-extraction on 13C and 15N values ...................... 错误！未定义书签。 
2.4 Conclusion ..................................................................................... 错误！未定义书签。 
Chapter 3 Stable carbon and nitrogen isotopic composition of suspended 
particulate organic matter in the northern Beibu Gulf . 错误！未定义书签。 
3.1 Introduction .................................................................................. 错误！未定义书签。 
3.2 Methods ......................................................................................... 错误！未定义书签。 
3.2.1 Sample collection ..................................................................... 错误！未定义书签。 
3.2.2 13C and 15N measurements ....................................................... 错误！未定义书签。 
3.2.3 Data analysis method ............................................................... 错误！未定义书签。 
3.3 Results ............................................................................................ 错误！未定义书签。 
3.3.1 Temperature and salinity .......................................................... 错误！未定义书签。 
3.3.2 Contents of particulate organic carbon and nitrogen and C/N ratio 错误！未定义书
签。 
3.3.3 Isotopic composition of carbon and nitrogen in particulate organic matter 错误！未
定义书签。 
3.4 Discussion ...................................................................................... 错误！未定义书签。 
3.4.1 Distribution of particulate organic carbon and nitrogen and their  isotopic 
composition in spring ........................................................................ 错误！未定义书签。 
3.4.2 Distribution of particulate organic carbon and nitrogen and their isotopic 
composition in summer ..................................................................... 错误！未定义书签。 
3.4.3 Relationship between δ13CPOC and primary production ........... 错误！未定义书签。 















Chapter 4 Stable carbon and nitrogen isotopic composition of planktons in 
the northern Beibu Gulf ................................................... 错误！未定义书签。 
4.1 Introduction .................................................................................. 错误！未定义书签。 
4.2 Methods ......................................................................................... 错误！未定义书签。 
4.2.1 Sample collection ..................................................................... 错误！未定义书签。 
4.2.2 Preservation and processing procedure for of plankton samples ............................. 59 
4.2.3 13C and 15N measurements ....................................................................................... 59 
4.3 Results and discussion .................................................................................................. 60 
4.3.1 Isotopic composition of carbon in planktons and their controlling factors错误！未定
义书签。 
4.3.1.1 Spring ..................................................................................... 错误！未定义书签。 
4.3.1.2 Summer .................................................................................. 错误！未定义书签。 
4.3.2 Comparison of stable carbon isotope composition between suspended particulate 
organic matter and planktons collected by modele Ⅲ net .............. 错误！未定义书签。 
4.3.3 Isotopic composition of nitrogen in planktons and their controlling  factors 错误！
未定义书签。 
4.3.3.1 Spring ..................................................................................... 错误！未定义书签。 
4.3.3.2 Summer .................................................................................. 错误！未定义书签。 
4.4 Conclusion ..................................................................................... 错误！未定义书签。 
Chapter 5 Food web structure evaluated by stable isotopes in the northern 
Beibu Gulf .......................................................................... 错误！未定义书签。 
5.1 Introduction .................................................................................. 错误！未定义书签。 
5.2 Methods ......................................................................................................................... 79 
5.2.1 Sample collection ..................................................................................................... 79 
5.2.2 Sample processing and isotopic determination ........................................................ 79 
5.2.3 Calculation  of the trophic position ........................................ 错误！未定义书签。 
5.3 Results and discussion .................................................................. 错误！未定义书签。 
5.3.1 Isotopic composition of carbon in biota in the northern Beibu Gulf 错误！未定义书
签。 















5.3.2.1 Assessment of δ15N baseline (δ15Nbase) .................................. 错误！未定义书签。 
5.3.2.2 Trophic positions of biota using POM δ15N as a baseline ...... 错误！未定义书签。 
5.3.2.3 Trophic positions of biota using δ15N of zooplankton as a baseline错误！未定义书
签。 
5.4 Conclusion ..................................................................................................................... 89 
Chapter 6 Conclusion ........................................................ 错误！未定义书签。 
References .......................................................................... 错误！未定义书签。 
Appendixes ......................................................................... 错误！未定义书签。 

































机物主要受生物初级生产过程影响，具有高 POC、PN 含量和 δ15NPN；琼州海峡西侧海
域颗粒有机物更趋近于南海外海水的特征，受生物固氮作用影响较明显，具有最低的






























各种类生物的营养级介于 1.0~4.3 之间，其中网采浮游生物的营养位置为 1.9~2.4；底栖
双壳类（旗江珧 Atrina vexillum）的营养位置为 2.5；底栖甲壳类（三疣梭子蟹 Portunns 
trituberculatus、刀额新对虾 Metapenaeus ensis）营养位置为 3.3~3.4；底栖头足类（枪乌
贼 Lodigo spp.、乌贼 Sepia spp.）的营养位置为 3.5~3.6，鱼类（包括杂食性鱼类、低级
肉食性鱼类、中级肉食性鱼类和高级肉食性鱼类）占据的营养位置跨度较大，为 3.1~4.3，
尖头斜齿鲨占据了最高营养位置。以浮游动物 δ15N 作为基准计算出的各生物体营养级




















There has been a lot of research about food web structure and its organic matter flow in 
aquatic ecosystem. The use of stable isotopes to solve biogeochemical problems in ecosystem 
analysis is increasing rapidly in recent years as the development of stable isotope techniques. 
Stable isotope provide us a quantitative and continuous way to analyze prey-predator 
relationship straightforwardly in a long time scale, and has proven its value as an alternate, 
complementary, and in some cases, better tool for food web analysis in marine systems. We 
analyzed the carbon and nitrogen isotope composition of particulate organic matter, planktons, 
benthic organisms and fishes in the northern Beibu Gulf in spring and summer. The method of 
using stable isotopes in the study of food web analysis was established and used to elucidate 
the food web structure and organic matter flow in the northern Beibu Gulf. The main results 
were as follows: 
1) Samples preserved by drying and soaking in ethanol show no significant differences in 
δ13C and δ15N. Both methods will be appropriate for 13C and 15N analyses in case a  
short-term preservation. The δ13C was increased after acid washing due to the removal of 
inorganic carbon, while no significant difference for δ15N only with relative higher deviation. 
The lipid-extraction treatement has little influence on 13C and 15N measurements for muscle 
of molluscs . 
2) The distribution of carbon and nitrogen isotopes in particulate organic matter in the 
northern Beibu Gulf in spring and summer indicated that the particulate organic matter was 
influenced by terrestrial input, primary production and biological nitrogen fixation. In spring, 
the particulate organic matter in the Qinzhou Gulf, with most depleted δ13CPOC, was mainly 
influenced by terrestrial input. In the Tieshan Harbor, particulate organic matter has high POC, 
PN contents, C/N ratios, depleted δ13CPOC and enriched δ
15NPN, indicating the influence of 
local primary production. Particulate organic matter in the west Qiongzhou Strait has low 
POC, PN contents, C/N ratios, and most depleted in δ15NPN, indicating the influence of 
biological nitrogen fixation. In summer, particulate organic matter in the northern coastal 
areas enriched in δ13CPOC  and δ
15NPN was mainly influenced by primary production. 
















showed the influence of terrestrial input. In Qiongzhou Strait and the Leizhou Penisula costal 
areas, particulate organic matter has high POC and PN contents, C/N ratios, and the most 
depleted in δ15NPN, indicating the significant contribution from the biological nitrogen 
fixation. 
3) The distribution of carbon and nitrogen isotopes in particulate matters collected by 
three different size of nets in the northern Beibu Gulf suggested the influence by terrestrial 
input, primary production, and biological nitrogen fixation in spring. While the net-trawled 
particulate matters in the Qinzhou Gulf were influenced by terrestrial input, the net-trawled 
particulate matters in the Tieshan Harbor and the west Leizhou Penisula were mostly products 
of primary production. The net-trawled particulate matters in the west Qiongzhou Strait and 
the central gulf were most influenced by biological nitrogen fixation. In summer, primary 
production and zooplankton abundance were major controlling factors for net-trawled 
particulate matters in the northern Beibu Gulf. While the coastal areas were influenced by 
primary production, the west of Leizhou Penisula, the west Qiongzhou Strait and the central 
gulf were influenced by the western flow in the Qiongzhou Strait and the high abundance of 
zooplankton.  
4) The averaged δ15N of particulate organic matter was used as a baseline to evaluate the 
trophic positions of biota in the northern Beibu Gulf. The calculated trophic levels were 
ranged of 1.0~4.3. Planktons occupy the trophic position ranging from 1.9 to 2.4. The benthic 
bevalve (Atrina vexillum) has a trophic position of 2.5. Trophic position of crustceans 
(Portunns trituberculatus and Metapenaeus ensis) is 3.3~3.4. Cephalopods (Lodigo spp. and 
Sepia spp.) have a trophic position of 3.5~3.6. Fishes including omnivorous fish and 
carnivorous fish occupy the trophic position ranging from 3.1 to 4.3. Among them, spadenose 
shark (S. laticaudus) occupies the highest trophic position. We also used the averaged δ15N of 
zooplankton as a baseline and the calculated trophic levels of each organism are slightly lower, 
suggesting that the grazing food chain dominates mass and energy flow in northern Beibu 
Gulf, and the ditritus food chain plays a relatively less important role. 




































结构、有机质的流经途径等。其中，13C 和 15N 常被运用于食物链营养等级的分析、有
机物来源与归宿的确定、消费者食物来源组成等方面的研究中（Fry, 1988; Hobson and 
Welch, 1992; Rau et al.,1992）。由于沿着食物链，高营养级生物相对于其食物富集 15N，
因而可以利用食物链各生物体的 δ15N 来计算生物的营养等级（Owens, 1987; Peterson and 
Fry, 1987）。与 15N 有所不同，有机物 δ13C 沿食物链的富集程度很小，但不同来源的有
机物往往有着不同的 δ13C 特征，因而有机物 δ13C 可在生物食性复杂的时候作为指示食
物来源途径的指标（DeNiro and Epstein, 1978; Peterson and Fry, 1987）。 
1.2 食物网结构的研究方法 
有关食物网研究的传统方法主要包括胃含物分析法、粪便分析法、现场和实验室直
接观察法、放射性同位素示踪法、免疫学方法和脂肪酸应用法等（Smith et al., 1979; 
Beviss-Challinor and Field, 1982; Rounick and Winterbourn, 1986; Hopkins, 1987; 
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